• Functional hyperemia of certain tissues, such as salivary gland, 1 tongue, 2 and skin, 8 is probably associated with the release of an intraeellular enzyme which acts on a tissue fluid protein to form a potent vasodilating polypeptide. This polypeptide was identified with bradykinin, a smooth-inuscle stimulating plasma kinin which Rocha e Silva 4 first obtained by incubating trypsin or snake venom with plasma proteins. Recently, bradykinin has been isolated, its structure determined, and its actions examined by Elliot et al., r> '" and it has been synthesized by Boissonnas et al. 7 Like the crude mixture, synthetic bradykinin increases capillary permeability, causes vasodilatation in the skin, stimulates certain types of smooth muscle, and produces pain when applied to a blister base. 0 Others have shown that bradykinin causes an increase in blood flow in cerebrum, 8 lung. 9 and heart muscle. 10 Intra-arterially administered bradykinin increases blood flow in human forearm according to Fox et al., 11 suggesting vasodilatation of skeletal muscle blood vessels. Direct evidence that bradykinin dilates blood vessels in skeletal muscle is provided by Hilton 12 who describes experiments in which 2 to 3 ng. (nanograms, 10"° Gm.) doses of the drug double blood flow through the isolated gastrocnemius of the cat. According to Ehringer. Herzog, and Konzett, 18 intra-arterially injected bradykinin usually dilates blood vessels in the calf of man, but vasoconstriction results in a few cases.
Hilton and Lewis 14 found small constant amounts of the bradykinin-forming enzyme in the perfusate of gastrocnemins muscle, which did not increase after the muscle had been tetanized by stimulation of the tibial nerve; therefore, they concluded that the enzyme is probably not involved in the "postcontraction" dilatation of muscle. The possibility that bradykinin has differential effects on "shunt" and "nutritional" blood flow in digital skin has been suggested by Burch and De Pasquale 15 on indirect rheoplethysmographic evidence.
In the present investigation, the effects of intra-arterially administered synthetic bradykinin* on total and effective blood flow in skeletal muscle of rats, cats, and rabbits have been evaluated.
Methods

MICROTISSUE CLEARANCE IN RATS
Eats weighing between 70 and 90 Gin. were anesthetized by intramuscular injection of nbout 3 rag. of sodium pentobarbitnl. Effective blood flow was measured by the microtissue clearance method in the exteriorized spino-trapezius muscle as described previously. 10 Intra-arterial infusions of 100 ng./min. of bradykinin were mndo via n polyethylene catheter (P.E. 10) placed in n retrograde fashion into the right carotid artery. The cnnnuln was positioned so thnt the test solution infused only those tissues supplied by the subclavion artery, a branch of which supplies the spino-trapezius. Be-*The synthetic bradykinin was made available through the generosity of Mr. H. Althouse, Director of the West Coast Medical Department of Sandoz, Inc. The material -was supplied in ampules of 1.0 ml., each containing 0.01 ing. of the compound.
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Effect of intra-arterial bradykinin on clearance of Water Blue from a microinjection site in the spino-trapezius muscle of a rat. The arrows indicate beginning and ending of bradykinin infusion period. Exponential decay rate in the first control period (K t ) = 0.047 min.' 1 ; during drug infusion and 2y% minutes thereafter the rate (K t ) became 0.07 min.' 1 ; after an adjustment, the rate finally returned to 0.031 min.' 1 (K,).
cause of bilateral asymmetry in the anatomical arrangement of this artery, experiments were limited to the muscle on the right side. In successful preparations, 4 per cent Water Blue (0.2 ml.) introduced through the canuula could be detected only in those tissues fed by the subclavian artery. The discoloration was transient and in no way interfered with subsequent clearance measurements. Muscle temperature was kept between 36.0 and 38.0 C. by a thermostated drip; for each clearance, a single microinjection of 0.05 to 0.07 /J. of 4 per cent Water Blue was ninde directly into the tissue. The optical density near the injection site was recorded continuously for 2 to 3 minutes before infusion, then during the 1 to 2 minute infusion period, and for about 10 minutes after termination of the infusion.
BLOOD FLOW IN RABBITS AND CATS
Both rabbits and cats were anesthetized by intravenous administration of mixed chloralose (70 mg./Kg.) and urethane (600 ing ./Kg.). The femoral artery to the skinned hindliuib of the animal was cannulated, and all major branches were tied off to limit the flow to a specific skeletal muscle group. Sufficient heparin* was given intravenously to prevent clotting throughout the ex-•The heparin used was donated by Dr. Leon Freeman of the Hiker Laboratories.
periment. Blood flow was measured by means of a drop counter in the appropriate artery, and provisions were made for the intra-arterial infusions of bradykinin and injections of isotopes. The techniques were essentially those used by Hyman et al. 17 
TISSUE CLEARANCE FROM OASTROCNEMIUS OF RABBITS AND CATS
The rate of clearance of radioactive iodide ions from the muscle was measured by the technique described in the same paper. The isotope was administered intra-arterially, and the output from n scintillation detector over the surface of the muscle was arranged to record continuous counting rates. Exponential disappearance rates were calculated from the semilog plots of these data after correction for final background levels. The special precautions required to make the intra-arterial administration of the isotope valid will be more fully described in a subsequent paper, but essentially, the isotope must be administered to label tissue fluid during a period of dilatation. The dilating agent is then withdrawn, and the clearance falls to a constant level; subsequent dilatations cause measurable and reproducible increases in clearance rates.*
In each case, after the preparation had been stabilized and the isotope had been administered as described above, a record was obtained during 2 to 3 minutes of control, then during approximately 2 minutes of intra-arterial infusion of bradykinin (50 ng./Kg./min.), and finally during the subsequent minimum of 25 minutes while the preparation returned to the normal physiological state and counting rate approached the ''final 1 ' background level.
In addition to these measurements, blood pressure was monitored from the carotid artery using the simple transducer described by Hyman and Knapp. 18 These techniques permitted multiple measurements on each cat and rabbit, and the data were relatively consistent.
Results
The effect of intra-arterial infusion of bradykinin on clearance of Water Blue from a microinjection site in the spino-trapezius muscle of the rat is shown in figure I . A summary of the values obtained in 20 experiments on 10 animals is given in table 1.
Infusion of the drug approximately dou-
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bled the rate of clearance of Water Blue; simultaneous visual estimates of blood flow confirmed this increase. Tn all cases, the vasodilator response was evident 10 to 20 seconds after the onset of infusion. In seven of the cases, the clearance failed to return to normal during the entire recording period; in the remaining cases, the vasodilator response persisted only one-half to five minutes after termination of the infusion. In many cases, after multiple infusions of bradykinin, the increase in clearance was no longer demonstrable. Thirty to 60-minute pauses between tests or dose increases to triple the effective level failed to restore the response. Figure 2A is a record of the blood flow to the gasti'ocnemins of the cat showing the effect of bradykinin: a flow increase of about 50 per cent, from a value of about 3.1 ml./min. to 4.5 ml./min. Figure 2B shows the clearance of intra-arterially administered iodide from the gastrocnemius of the rabbit before, during, and after the administration of the compound.
The effects of bradykinin on blood flow and tissue clearance in skeletal muscle of rabbits and cats are summarized in table 2. The dose was chosen to give an easily detected increase in the total blood flow through the skeletal muscle of either species. Tissue clearance during the period of infusion (column headed K2 in table 2) shows a corresponding increase over the control rate, i.e., clearance and blood flow responses are approximately the same. Blood flow and simultaneous clearance data were obtained in 13 individual experiments; only blood flow data were obtained iu eight additional cases. The effect of bradykinin on the clearance of intra-arterially administered iodide from the skeletal muscle of cats and rabbits confirms the results reported above on clearance of Water Blue from microinjection sites in skeletal muscle of rats. Total blood flow through skeletal muscle of anesthetized cats and rabbits is increased by the polypeptide in agreement with earlier studies. However, Fox et al. 11 report blood flow increases about 10 times as great as we did, although calculations of the effective con- Effect of bradykinin on clearance of intru-urtericdly administered I" 1 centration of the drug at the resistance vessels in the tissue infused indicate approximate equivalence. Our data agree more closely with those of Gorsmeyer and Spitzbarth. 1 " 
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Effect of Intra-Arterial Infusion of Bradykinin on Blood Flow Through and Clearance of I 1S1 from Gastrocnemius of Babbits and Cats
Discussion
The vasodilating effect of bradykinin has been established for several tissues. However, the only direct evidence that this compound could influence blood flow through skeletal muscle was that provided by Hilton. 12 There was no clear evidence of its importance in modifying the nutritional or effective blood flow through any tissue.
The recent paper by Burch and De Pasquale 15 suggested that in the case of the human digit, bradykinin actually decreased the total blood flow. They interpret their rhieoplethysmographic curves to mean that the drug actively constricts the shunt circulation and only passively increases the blood flow through the nutritional circulation. These conclusions contradict those of Pox and Hilton, 8 Elliot et al., 6 and Fox et al. 11 and conflict with their own finding of an increase in the temperature of the digits in response to the administration of the drug. If the threefold increase in nutritional flow is completely passive, there would have to be a threefold increase in the pressure gradient across the nutritional bed, as pointed out by Hyman and Winsor. 20 Such a huge increase in local pressure at the arteriolar end of the capillaries does not seem to be a likely consequence of closure of the shunt circulation. On the basis of our experiments, it seems more likely that bradykinin actively relaxes the smooth muscle which determines resistance through the nutritional bed. The fact that the total blood flow in skeletal muscle is increased is evident from our data. Tf the increase in blood flow is plotted against the initial blood flow rate ( fig. 3) , it is evident that the re- spouse to a given dose becomes less at the higher resting blood flow, with a calculated coefficient of correlation of -0.55. The data of Fox et al. 11 show the same general relationship. Dilatation by any drug should be influenced by the pre-existing tone of the vessels; if we assume that the resting blood flow approaches a finite maximum, then the "reserve" available for release by the drug is decreased. In contrast, clearance rates in the microinjection studies in the rat and witli intra-arterially administered iodide in the cat and rabbit show an increase in the change induced by the drug as the resting clearance increases ( fig. 4 ). This suggests that the nutritional circulation may have greater reserve than does the "total" circulation in the tissue. In any event, it speaks for independent active dilatation of a specific resistance in the PALDINO, HYMAN, LENTHAJLL effective or nutritional circulation. Indeed, the increase in clearance, simultaneous with an increase in total flow, would make the mechanism proposed by Burch and De Pasquale highly improbable in skeletal muscle.
Summary
The effect of the synthetic peptide, brady-kLuin, on total and nutritional blood flow through mammalian skeletal muscle in anesthetized rats, cats, and rabbits was studied. The intra-arterial administration of the drug consistently and significantly increases total blood flow through the gastrocnemius muscle of chloralose-anesthetized cats and rabbits. A similar increase in clearance of the dye "'Water Blue" from microinjection sites in the spino-trapezius muscle of the rat and clearance of iodide ions from skeletal muscle in the larger species was established. Bradykinin causes active dilatation of the nutritional circulation as well as increased total blood flow through muscle.
